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NASA Flywheel System Development 

i Center Introduction 
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Round Trip efficiency >90% 
System Cost Reductions >25% 


Flywheel Development for NASA Missions 










NASA Flywheel System Development 

Content 




<L> 

4— > 

C 

u 

cj 

cd 

<L> 

c/5 

<u 


fl 

o 

• M 

fl 

'M 

C/5 

© 

© 

fl 

a 

C/5 

"3 

fl 

# © 

*^m 

fl 

a 

u 

© 


*0 

© 

m» 

fl 

© 

OX) 


H 

Z 

W 

§ 

cu 

o 

m3 

H 

> 


w 

H 

C/5 

C/5 
c 
c 

_a> 

a 


fl 

© 

■M 

pfl 

OX) 

•M 

s 

*3 

£ 

M* 

C/5 

C/5 


© 

i 

© 

a 

a 

© 

© 

© 

o 

C/5 

H 

W 

U 

< 


© 

© 

a 

a 

fl 

C/5 

I 

U 

< 

Pu 


© 

M 

CM 

^4 

CM 


■ r • © 

u 


© 

£ 

© 

fl 
© 

s 

PP 
W fe 


fl 

© 

© 

© 

fl 

fl 


fl 

fl 

fl 

fl 

© 

© 

£ 

© 


m3 

PP 

w 

a^5 


H 

PP 

W 

C/5 

< 

PQ 

(3 

U 

An 

C/5 


fl 

£ 

a 

^© 

© 

"© 

© 

pfl 

£ 



fl _ 
fl ^ 

a fl. 

5 r? 
© ^ 

© 

Q 

CM 
© 


U 

fl 

M 

fl 

© 

u 

S» 

V# 

fl 

fl 

fl 

fl 

© 

pfl 

M 

CM 

© 

H 

'© 

© 

pfl 

£ 


pfl 

© 

u 

fl 

© 

CM 

© 

PP 


© 

U 

© 

A ^3 
oo ^ 
© 


© 

fl 

pfl 

© 

© 

H 


W 

C/5 

PQ 

>< 
© O 
>% Sfl o 

» J 3 

3 

a 

C/5 


^2 

'S 

fl 

pfl 

© 

© 

H 


fl 

© 

fl 

© 


u 

3 

© 

PP 


© 

US 

u 
w 

H 

— w 

8 e> 

a -fl 

3 ► 

© ^ w 

U to > 

w 

. . m 3 




fl 

© 


TS © 
fl « 
fl ^ 

^4 

i a 

fl * c 

-M -M 
M * 

fl © 


© fl 
.fl *3 

Cm g 

► ’S 

.? 2 
O fl 




test beds, NDE, etc. 





c 

© 

-M 

© 

© 


OX) 

b w> 

A C 

s‘l 

CO g 

J* «g 
OX)^ - 

O © 

S u 

Q- O 

^ © 

5fl © 

5P c/a 
© © 

© 03 

g « 

p© © 

© co 
© cu 
H c/d 

*© Oh 
© 

5 ,g 

to 
£>U 
fa m 

© 35 
© <*2 
co <! 

faZ 

5/1 

O C/a 
Up © 
© OX) 

< 2 

© © 

p© > 

H pSi 


'U 

© 

CO 

•M 

8 

•o 9 

Up 

0m 

C/D 

H 

fa 

u 

fa 

© 

p© 

-M 

Up 

£ 

fa 

fa 

fa 

«3 


c/a 

© 


© 

© c/a 
Cm © 


•N 

C/5 

T5 

© 

pQ 

4-* 

c/a 

© 


OX) 

£ 

3 

c 

© 

© 

H 

,© 

Cm 


c/a 

© 


.© OX) 

as © 

£ © 


© 

© 


© 
JS 
© 
© 

a h 

© 

© -O 
Up Sb 
OX) 3 
< . 
Z- £ 

© CO 
<fj C/D 

© Up 
© © 

Cl © 

ttfa 


G 
© 
fl 

©<" 

E£ 

o CO 
© C/D 

'O g 
© © 
M* -B 

S(§ 

s“ 

s <S 

co 

© © 

fa * 
«m a . 

■M Cm 

© © 
© H-H 

.fa c/a 

fa— , 

> co 
fa © 

C/D fi 
C/D -© 

fa g 
fa 3 

C/D 'g 
C/D g 

HH CQ 


^3 

C/D 

^3 

Z 

'w' 

© 

© 

£ 

© 

fa 

© 

© 

© 

fa 

CZD 

Up 

cS 

c/a 

Up 

© 

4-» 

a 

© 

o 


c/a 

Up 

© 


- S 
S « 

rtj M 

-M OX) 
c/a © 

£> £ 

* fa 

fl ^ 

M © 

© Pg 

M 

© © 

© cm 

© rti 

s s 

fa © 

E “ 

© 

© 


© 

c/a 

© 


c» 
© © 


E s 

tfS. 


a m 

3 5/5 


« </a 


cm 


© 

© 

0 

© 

© 

© 

fa 

C/D 

'S 

*© rj 

Up fa 

a fa 

1 55 

io» 

os 


el 


© 

I 

Z fa 

b. © 
© © 

5 & 

O fa 

X3 ^ 

© W) 

§ 5 

◄ § 

C/D S 

< © 

Z S 


09 O' 

g 3 

03 © 

C/D fa 

<1 <3 

C/D C/D 

Z Z 


r- 


NASA GRC/ARL Aeronautics and internal Programs 


NASA Flywheel System Development 
Technology Development Strategy 






fi 

CA fi 

.2 a 

p 


CA 

o 

’M 

o 

© 


CA 

a £ 

s * 

6 ■ 


© 

► 

© 

O 

fi 

o 


d 

© 

Wl 


^ fi 

Ui 

O hJ 


o 

fi 

pfi 

© 

© 

H 

.© 

Cm 

•m* 


.© 

Cm 

fi 



fi 

WO 

• M 

CA 

© 



fi 

0 







©JD 

fi 

• PN 

u 

fi 

© 

P5 


fi 

© 

PQ 


d 

© 

© 

fi 

fi 

d 


© 

u 

fi 

© 


© 

a <: w 

fi 




Advanced Mtr/Gen 
High Speed Concepts 







o 



c 

is 

s « 

§ C 

“I 

£ CL 

© o 

to © 
>» > 
CO © 
Q 

© +- 
© r- 






. U 

8 | | | 8 § I 8" 

(dm/lu) pa ads <*!1 




NASA Flywheel System Development 
Component Development Status 





NASA Flywheel System Development 
Component Development Status 



<i.tett;CM;Ois4 


! ! I fi I 1 1 





O 'ey 
Qd © 

*2 -fi 
© >• 
© > 

fi 

§ ^ 

E 

© fa 

«55 3 

*N ^3 
© © 

Q* © 

a o 

S U. 



<N 


! 

"I 


J/I > 1.2 

+ Reduce Control/Elect. 





NASA Flywheel System Development 
System Technology Development 






© 

01) 

© 

3 


Tt 

i 


c 

0 

*35 

1 


© 

I 


© 

*-M 

© 

S 5 

o 


fl 

© 

c 

© 

& 

fl C/1 

a *fl 

O oj 

© 5 
fl C 

© a 

a .2 

2 J 

fl 2 
fl c 

fl ^ 

s < 

a xn 

s < 

© z 

■M 

c/3 ^ 

*2 

1/3 o 

-a a 

© q. 

2 s 

fl co 
£ +- 
$►> fl 


C/3 

0/ 

‘3d 

o 

"o 

c 

pfl 

© 

© 

<m 

fl 

© 

© 

fl 

fl 

fl 

fl 

Cm 

© 

fl 

© 

• M 

-M 

fl 

<M 

fl 

© 

a 

2 

a 

2 


^ Vl 

2 1 
^ O 

<M 1 

£ o 
fl o 

b2 

© 'fl 
© ° 
fl C/l 

a 'fl 

£w 5 

a j .2 

^ «n S3 

« © gf 

S3 N © 

© *35 ** 

t» i « 

S fl 01) 

co .fl fl 

© fl © 

© ~ 


fl 

© 

*43 

fl 

© 


53 £ -2 

fl .2 

h 3 d 

to © 

s © 

a| 

O 2 


'■fl 

© 

_ C/3 

fl ^ 
fl Q. 

© . 

◄ ‘ 


rt v Cm co 

ft ® 

R,a 8f> 

■M fl © 
O © © 

X 2 fl 
o B 4) 

fl. © *e 

^ M fl3 

151 

111 


C/3 

© 

'M 

© 

© 

'fl 

fl 

fl 

C/3 


1! 
© 5 

' rt fl 

© 

2 


a 

© 

© 

a 

© 

►» 


a 

’© 

- 2 

© 'fl 


fl 

Cm 

fl 

© 


C/3 pB 

'fl M 

| 4J 

S "S 

-M % 

a £ 

2 

© i* 

^ " 


© 

1 

1 

"© 

© 

-fl 

£ 


^ a 
a 


a 5 

* r 

© > 

* a 

£ .2 

© a 

c 2 

"O « 
fl & 

s ° 

42 © 

fl fl 

^ *p* 

S 42 

© fl 
.2 2 
fl g 
fl 2 
© & 
u 2 

.fl 8 

”© *2 C/3 

fl 5 © 

a fl a 
JO - fl 

^ § r 

© & a. 
*35 £® fl 
.2 §? fi 
2 ^ fl 

s| £ 

fl -A © 
53 ^ fl 
© >* § 
O a © 


a 

a 

a 

a 


C/3 

© 


S 

s 

•M 

fl 

© 

2 

© 

2 

© 

£ 

© 

3 

O 

Q 

© 

£ 

a 


© 

a 

© 


© 
fl 
fl 
fl 

3 6 


CO 


NASA Flywheel System Development 
Flywheel System Test Bed 


G *1 
$ S 3 

s « 
s ^ 

3 .s 

e ® 


e ^ 

.2 js 

■M & 

vi A u 

g £ £ 
£ 5 £ 
© W C 


2"3 

§ 5 

S 3 

_g a 

73 'g 
> 2 
H 2 


a> 

cc +* 
u a 

5 WD 

11 

b, M 

S 3 _ 

V 


ss g 

Ofi 

.2 -g 

tS 3 

a .fa 

^ * 

3 © 

II 

I I 

p 5 jd © 

.2 > 

c» H 


© 

© 

q d 

C 3 


Air table capability currently being installed 
Second flywheel module being designed and fabricated 
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Operation of two modules in torque mode 

Operation of two modules in torque/energy storage mode 
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